2-propanol (HFiP) were obtained from Sigma-Aldrich. Sucrose was from Merck and agarose from Invitrogen. Deionized Milli-Q water was used for all aqueous solutions.
(Q) of 17 O is -2.63 fm 2 , which interacts with the electric field gradient present at the site of 17 O nuclei. 5 The quadrupolar interaction is anisotropic and therefore in the absence of rotational averaging leads to broad powder patterns in NMR spectra. 6 In solution, the traceless quadrupolar interaction is entirely averaged out by fast unrestrained molecular reorientations and only indirectly contributes to relaxation processes. 7 As the dominant relaxation mechanism of 17 O, the quadrupolar interaction in general case leads to a three-exponential relaxation process. 8 However, in the extreme narrowing regime, the terms related to two of these relaxation processes are cancelled and consequently a single-exponential relaxation is recovered. 7, 8 17 O NMR experiments were performed at a Bruker spectrometer with proton Larmor frequency of 400.13 MHz. The spectrometer was equipped with a room-temperature triple resonance broadband (TBO) probe, where for the 17 O-detected experiments the inner coil of the probe was tuned and matched at 17 O Larmor frequency of ~ 54.24 MHz. The temperature was controlled to ±0.05 K using the Bruker VT unit calibrated using a standardized thermocouple. The NMR samples contained H 2 O/D 2 O at a ratio of 90%/10% (v/v), unless specified otherwise, and the deuteron signal was used for frequency locking. The NMR samples were prepared using deionized Millipore water and were degassed under N 2 gas for ~ 10 S3 minutes before NMR measurements. To alleviate the problem of baseline distortions potentially caused by the transient response of the NMR probe, a relatively long pre-acquisition delay of 18 µs was used. The 17 O spectra are shown using the frequency of H 2 DO lock signal as the chemical shift reference (4.700 ppm).
The 17 O longitudinal relaxation rates (R 1 ) were measured through standard inversion-recovery (d 1 -180°t-90°-acq) pulse sequence, where duration of recovery time, t, varied from 0.25 to 30 ms. A total of 21 recovery data points were collected. A recycle delay (d 1 ) of 0.5 s was used. The data were fitted to a threeparameter single-exponential recovery function, as follows:
where ∞ represents signal intensity after complete recovery, R 1 is the longitudinal relaxation rate, and parameter b takes care of slight imperfections in the inversion pulse.
The rotational correlation time of water molecules (τ rot ) were calculated from 17 O R 1 rates through equation S2:
where I=5/2 is the spin quantum number of 17 13 . The residue-specific τ c values were calculated from R 2 /R 1 ratios, 14 using an in-house MATLAB script (see below, page S14).
Hydrodynamic calculations
To predict viscosity in highly concentrated protein solutions, hydrodynamic calculations were performed using HYDROPRO 10, 15 which provide hydrodynamic parameters of proteins at infinite dilution using a bead model of their known atomistic structures as the starting point. The PDB entries of 1UBQ (ubiquitin) and 1P7F (GB3) were used for hydrodynamic calculations. 16, 17 The bead models were constructed using an atomic effective radius (AER) of 2.5 to 3.0 Å. 15 
